The past thirty years have seen increasingly rapid advances in the field of laparoscopic surgery, in part because of the use of robots. A well-known example is the da Vinci surgical system. However, far too little attention has been paid to Hand Assisted Laparoscopic Surgery (HALS), a surgery in which the surgeon introduces the non-dominant hand into the abdomen of the patient. The risk of collision between the hand of the surgeon and the tool moved by the robot is the reason why these robots for laparoscopic surgery are not appropriate for HALS. On the other hand, in recent years, there has been an increasing interest in wearables, which have been introduced in our daily life. This interest and the lack of surgery robots for HALS are the reasons to develop a sensing glove which co-works with a collaborative robot in this kind of surgery. The aim of this paper is to study the use of a sensing glove which will provide information of the movements of the surgeon's hand to the collaborative robot. This information determinates the actions that the robot will carry on. The first step was to define different movements of the hand which could be identified. An algorithm identifies these movements using the data given by the sensing glove. For the purpose of algorithm accuracy measurement, 4 persons wearing the sensing glove made a sequence with different movements. The evidence from this study suggests that a sensing glove can be used to send information of the movements of the surgeon's hand to a collaborative robot during a HALS.
INTRODUCTION
Hand assisted laparoscopic Surgery (HALS) is defined as a laparoscopic surgery in which the surgeon introduces the hand into the patientś abdomen. Compared with the standard laparoscopic surgery, this technique provides the surgeon the sense of the touch and the skills to suture and dissect with the hand [10] , [14] . The mentioned surgery also offers advantages opposite to the laparotomy as shorter hospitalizations, fewer incisions or less bleeding [8] , [11] .
Standard laparoscopic surgery has been advancing with the development of surgical Robots like BROCA [18] or da Vinci [19] . The mentioned robots, due to its nature, cannot be used in HALS because they are not able to infer when the surgeon needs some kind of help. In this sense, we propose the use of a collaborative robot guided by an algorithm that continuously recognizes the movements accomplished by the non-dominant hand of the surgeon. When a gesture is recognized, then it is planned in advance the robot movement needed to assist the surgeon immediately. The dynamic gestures can be collected by a sensing glove, which have undergone in the last years an increasing development that has promoted its use in different fields from the rehabilitation to the interpretation of the sign language [19] .
The sensing glove was conceived as an ideal instrument for measuring hand kinematics during daily life situation for application in rehabilitation, virtual reality, musical performance, video games, teleoperation and robotics [12] 
The sensing glove used in this study was developed previously for a specific project in which the objective was to evaluate the residual hand function of post-stroke patient and its recovery [15] . In particular, the sensing system was designed to assess user grasping activity through an unobtrusive and wearable interface based on textile goniometers placed in correspondence of principal hand joints.
Using this above-mentioned glove, several movements of the hand have been studied and an algorithm has been developed for the detection of some specific gestures. Different movements have been defined considering the movements that the surgeon realizes during a HALS [1] . The above-mentioned defined movements cannot be identified as the movements realized commonly during the operation. They will be sent to a recognition system and global Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. 
METHODS AND MATERIALS

KPF Goniometers
Textile-based sensors were realized using knitted piezoresistive fabrics (KPF) structured with 75% electro-conductive yarn (Belltron, produced by Kanebo Ltd) and 25% Lycra, manufactured as single jersey in a circular knitting machine as described in previous works [16] , [17] , [5] .
KPF goniometers consist of two identical piezoresistive layers connected through an electrically-insulating layer (Figure 1-a) . As reported in [17] the sensor output, the electrical resistance difference (ΔR) calculated from the two sensitive layers, is proportional to the flexion angle (θ), represented as the angle delimited by the tangent planes to the sensor extremities ( Figure  1-b) . The output ΔV is proportional to ΔR and thus to Δθ.
For the acquisition of ΔR from each of the three goniometers, we designed an ad hoc three-channel analog front-end circuit. For each sensing layer (represented as a series of three electrical resistances) of the KPF goniometers three pads were designed for sensor wiring (p 1 to p 3 for the top layer, p 4 to p 6 for the bottom layer). The idea is to use a four-point resistance measurement method to avoid the influence of cable connection into the sensor output evaluation.
The complete diagram of the acquisition circuit is reported in Figure 1 c). For each goniometer, the voltages V 1 =Vp 2 −Vp 3 and V 2 =Vp 5 −Vp 4 are measured between the internal pads when a constant and known current I is supplied through the external pads. A high input impedance stage, consisting of two instrumentation amplifiers (INS1 and INS2), measures the voltages across the KPF sensors. These voltages are proportional, through the known current I, to the resistances of the top and bottom layers (R 1 and R 2 ). A third differential amplifier DIFF amplifies the difference between the measured voltages, obtaining the final output ΔV, which is proportional to ΔR and, thus, to the flexion angle θ. Each channel of the described front-end was analogically low pass filtered (anti-aliasing, cut-off frequency of 10 Hz). The resulting data were digitally converted (sample time of 100 Sa/s) and wirelessly transmitted to a remote PC for storage and further elaboration.
In previous study [5] was demonstrated that the KPF goniometers is a valuable instrument for joint angle monitoring with errors below 5 degrees compared to optical measurement system during natural hand opening/closing movements.
The Glove design
The sensing glove consists of three KPF goniometers directly integrated on the elastic lycra fabric.
Figure. 2 Sensing glove and its wireless acquisition unit.
For index and middle fingers, the KPF goniometers have been placed on the dorsal side of the hand in correspondence with each metacarpal-phalangelal joint to detect the flexion-extension movement. To capture the opposition of the thumb, the goniometer has been placed in correspondence of the trapeziummetacarpal and the metacarpal-phalangeal joints. This minimal sensor configuration -having a low number of monitored degrees of freedom -was conceived as a trade-off between a good grasping discrimination and design constraints typical of wearable and ambulatory applications. Indeed, the number of KPF goniometers has to be low to increase the wearability and the user comfort number (i.e. a single goniometer has six connecting wires as pointed out in previous study [5] ). Despite the low number of goniometers, the observation of the basic hand grips pointed out the possibility of discriminating between them having information at least about thumb, index and medium finger position [2] . In addition, studies on hand synergies demonstrated that monitoring a low number of relevant joints allows an efficient grasping discrimination [4] [7][3]. Table 1 shows the movements selected to send commands to the collaborative robot. To indicate a place to suture, cute, and so on.
Characterization of Movements
-
Initial posture a defined time.
To indicate to stretch the thread.
Defined movements are realized faster than involuntary ones as it is shown in Figure 4 . Rising and falling values correspond to finger-opening and finger-closing movements respectively. The developed algorithm uses threshold values to detect fingermovements.
The graphs of flexion and velocity for index and medium fingers obtained from the data of the sensing glove are shown in figures 3 and 4. When the movement 1 in Table 1 is performed, fingerclosing and finger-opening are characterized respectively with the falling and rising lines in the graph.. To obtain the parameters to define movement 1, L 1 = {x 1 , v 1 , t 1 }, several samples of the same movement realized by the same person are analyzed. To obtain v 1u , which is the threshold to consider the movement, firstly, the average of the velocity along the descents and ascents is calculated. These periods are represented as D1, A1, D2 and A2 in the Figure 5 . The time t D1 is the time during D1. These velocities determine the average of the movements of finger-opening and finger-closing.
The next step is to calculate the standard deviation for the abovementioned movements.
The threshold value will be the minimum of the speeds thresholds obtained in every opening or closing. t 1u will be defined by the minimal time in which is executed the D1, A1, D2 and A2 intervals.
The procedure to characterize index finger in movement 2 is the same as the explained above.
For the defined movement 3 we must consider an interval (a, b).in which the flexion values are approximately constant for a predefined time t 3u . This time is the minimum of the samples realized by the same person. The interval will be obtained in the same way as the speeds obtained in the movements 1 and 2.
Algorithm for the Movements Detection
The algorithm for the detection of the defined movements analyzes the velocities of the fingers which are in motion to detect if it can be considered a part of some of the movements.
To consider movement 1, index and medium must be in motion at a velocity upper than the threshold defined in the previous paragraph during a certain time and realize a moment of closing and opening two times.
The detection of the movement 2 is a similar procedure but considering that only the index finger is moving. On the contrary, for the movement 3 the algorithm must detect that the values of the fingers index and middle are in a certain interval (a, b) during a time superior to the time of execution established with a null speed. All these characteristics are represented in Table 2 . 
Experiments
The tests tried to prove that the gestures realized by the surgeon can be recognized.
Four different persons were asked to carry out the movements expressed in Table 3 in the same order in which they appear in the table, doing between them a flat position of the hand. This movements sequence has been executed three times for person.
Movements 4 and 5 has been introduced in order to test the algorithm. These movements are similar to movement 1 and 2 but there are small differences between them. 
RESULTS
After the parameters were fitted to every person, the algorithm has recognized the movements defined in all the cases except in these represented in Figure 7 and Figure 8 for movement 2 and in Figure 9 and Figure 10 for movement 3. Movements 4 and 5 defined in Table 3 were not identified as movements 1 or 2. 
DISCUSSION
The experiments carried out with the glove show that the developed algorithm can robustly detect the three defined movements among a set of different continuous movements. Logically, to correctly identify the motion patterns of the movement executed by the surgeon the sequence must begin and finish with similar positions to those of the models and not include strange intermediate movements.
The identification of the movements is accurate because the identification in not only based on the initial and final positions but also on the intermediate positions and velocities which are continuously analyzed to determine if their pattern is similar to that of the model. The obtained patterns using the smart glove present sufficient information to be robustly identified avoiding the errors in those situations where the positions are similar to those of the model but the execution speed of the movement is different.
CONCLUSION
In this article, a first system developed to robotize the Hand Assisted Laparoscopy Surgery (HALS) has been presented. This system is based on a glove with piezoresistive sensors that continuously capture the flexion degree of the surgeon fingers. The aim of this wearable is to identify commands that are given by the surgeon .using his hand. This information will be sent to a collaborative robot during the operation. Patterns of flexion and velocity of the finger movements from the initial to the final positions are modeled in the algorithm to recognize the hand commands. The developed methodology has proved to be robust and effective in the identification of this set of considered movements.
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